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Abstract 
In this work, the design equations for a two-dimensional catalytic microchannel reactor for Fischer-Tropsch synthesis 
were studied. The main objective of the design procedure was to obtain optimal dimension of height (H) and length 
(L) responding to Co-Re/J-Al2O3 catalyst operated with a space time of 0.0045 (gcat min)Ncm-3. The objective 
function was created in term of dimensionless numbers and the ratio of channel length to height. The channel length 
was divided into three distinct regions depending on controlled regimes comprising of kinetic controlled, external 
diffusion controlled and fluid flow rates controlled regimes. The dimensionless of reaction rate was maximized by 
varying its aspect ratio L/H to obtain the optimal channel length at a given channel height with the maximum reaction 
rate. From the study, the optimal length of microchannel reactor with the height of 0.5, 0.7 and 1.0 mm were 17.20, 
28.49 and 48.70 mm respectively.    
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1. Introduction 
The Fischer-Tropsch synthesis (FTs) is a well-known process as the catalytic process for the 
conversion of synthesis gas to fuels. The main products of the process are a mixture of hydrocarbons of 
various molecular weights [1, 2]. Microchannel reactors are micro-scale reactor constructed with a large 
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number of small, parallel channels with enhanced mass transfer properties and intensified heat transfer 
enabling isothermal operation even of highly exothermic Fischer-Tropsch synthesis compared to 
conventional fixed bed reactor. In microchannel reactor, a high surface area per volume was provided 
leading to high capacity of active catalyst, much higher specific productivities and low pressure drop [3, 
4]. In this study, design equations for a catalytic microchannel reactor was studied by considering fluid 
flow rate, mass transfer and heterogeneous chemical kinetics together with overall reaction rate (R). The 
aim of this study was to obtain channel length (L) with respect to the correlations for length to height 
ratio, (L/H)opt, and the maximum objective function. 
  
Nomenclature 
ρ mixture density [kg m-3] 
μ mixture dynamic viscosity [kg m-1 s-1]  
kCO reaction rate constant  
[mol gcat
-1 s-1 atm-1] 
 
δ, δCO momentum and concentration boundary 
layer thickness [m] 
DAB binary diffusion coefficient of species A 
and B [m2 s-1]
2. Methodology 
In this study, the Fischer-Tropsch synthesis (FTs) is considered in order to design geometry of a 
microchannel reactor. Synthesis gas is used as reactants for FTs, consisting of carbon monoxide (CO) and 
hydrogen (H2) to produce hydrocarbons product. According to Almeida [5], operating conditions are 493-
523 K, 5-20 atm and hydrogen feed is excess, therefore carbon monoxide is a limiting reactant.  
For the design of microchannel reactor for the FTs in this work, design equations for a microchannel 
reactor are analytical equations for identifying the dimensional correlations of microchannel in a two 
dimensional system. The design equations are to determine the optimal height and length ratio of a single 
flow channel in a micro reactor. After obtaining an optimal dimension of a single channel, numbering up 
of multiple channels can be achieved [6, 7]. A single channel system of this work is shown in Fig.1a. 
Mixed gas flows through micro-scale parallel flat plates with the channel height of H, which is the 
distance between the two plates, the channel width is represented by W, and the length is L. The surface 
of the micro-scale reactor is assumed to be coated by catalyst with the thickness of Ω. The channel width 
(W) is set to be unlimited to eliminate other effects along W direction. The design method follows 
Mathieu-Potvin’s work [6], which specifies the flow phenomena in two directions, x and y direction. The 
top and bottom of the channel are catalyst boundary. The optimal ratio L to H (L/Hopt) is set as a function 
of dimensionless of Bejan number (Be), Schmidt number (Sc) and Catalyst number (Ct) [6]. 
Bejan number represents the pressure drop number and this value is limited to the laminar regime in 
this study. Schmidt number represents the behavior of fluid indicating whether a mixed gas would have 
the properties closes to a gas mixture or a liquid solution behavior. Catalyst number represents 
availability of catalyst surface density [6-8]. 
The optimal channel length can be directly affected by the reaction rate because increasing channel 
length will increase reaction rate along the main flow channel [6, 7], until some extent of the length, 
reaction rate becomes independent of the length of the reactor. According to Delsman [9], they reported 
that relative standard deviation of the velocity can be reduced by varying cross sectional area of the inlet 
and length of the channel [9]. Therefore, optimal L/H ratio is required for a curtain rate of reaction. In this 
work, the optimal L/H is determined according to maximum reaction rate in the objective function of the 
design equations. 
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Fig. 1. (a) Model of a single microchannel reactor for analytical design in this work. (b) 2-D Model of microchannel reactor with 
different length. 
The design equations are on the assumptions of interaction between gas phase and solid phase (as a 
catalyst) following Mathieu-Potvin’s work [6] consisting of: 
x Reactor volume (V) is constant. 
x Total amount of catalyst (Ф) is constant. 
x Amount of catalyst per unit of wall surface (Г) is constant. 
x Pressure drop (ΔP) is constant. 
x Reaction occurs only at catalyst surface and considering conversion of a reactant A to product P 
(irreversible reaction). A→P 
x Thermodynamic limits are not included (Isothermal system). 
x Squared-cross-sectional flow channel with two dimension with no effect of side walls 
Reactor design is typically begin with studying of flow phenomena inside a reactor, which leads to 
obtaining the size of a reactor. The governing equations of the transport phenomena comprise of the 
continuity equation, the momentum equation, and the species conservation equation, together with 
chemical reaction rate expressions at the catalyst surfaces [6, 7]. In this work, the reaction rates for 
heterogeneous catalytic system in a microchannel reactor with square cross-section and catalyst-coated 
surfaces on the top and the bottom can be divided into two-schemes: small L/H and large L/H. 
For a small L/H, the assumption is based on that reaction rate is equivalent to the mass transfer 
between the two catalytic surfaces. The total reaction rate with the channel size of H×W×L may be 
written as [6]. 
 ³ 
 
|
Lx
0x
SA,A dxΓYρk2WR       (1) 
For a large L/H, the assumption is that, with long resident time of reactant, species A is almost 
completely reacted. Therefore, the total reaction rate is equivalent to the mass flow rate of species A (inlet 
minus outlet) in the channel [6]. 
 ³
 
 
  |
Hy
0y
0x
LxAA dyuρR       (2) 
According to the assumptions mentioned above, three constraints involved can be written as follow: 
the first constrain is constant volume ( WHLV  ) and the second and the third constraints are constant 
total amount of catalyst and constant amount of catalyst per unit of wall surface, respectively 
( WL2Φ * ). V, Ф and Г are input constant parameters. Consequently, these three parameters can be 
combined and rearranged, and then H can be obtained ( )* /2VH ). The H and L are the two 
parameters, which are used to define the geometry of the channel. When H is already obtained and fixed, 
then L will be set as a design parameter, which requires optimization. The objective function was 
developed according to Mathieu-Potvin [6] and to be maximized, it becomes Eq. (3). 
(a) (b) 
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The objective function is a function of dimensionless group L/H, which can be generally divided into 
two types, small and large L/H. Large L/H is for a reactor with a long reaction time and is equivalent to 
L/Hė∞, while and small L/H  is equivalent to L/Hė0. However, there is a moderate L/H for the channel 
length that lies between the two boundaries and to be analyzed. Then, three types of channel length are 
considered for the L/H optimization comprising of a small, moderate, and large L/H. 
2.1. Large L/H 
For a large L compared to H (small channel size with long channel length), it leads to the flow patterns 
in the laminar regime. Average velocity in a channel will be caused mainly by friction effect and can be 
obtained from the continuity and momentum equation [10]. 
 
L
ΔP
12μ
H
u
2
       (4) 
Mass transfer by diffusion in y and z directions are neglected and only mass transfer by convection is 
considered. Mass fraction of reactant (YA) is nearly constant along the y direction (see Fig. 1b). 
Moreover, YA is decreased along the x direction from xĬ0 to xĬλ, where λ is the position, where most 
of reactant A is completely reacted. For a very long channel length, the reactants are almost completely 
reacted and at the exit of channel there are only products presented. Accordingly, the global reaction rate 
is equivalent to the mass flow rate of reactant ( WHYuρ~R inCO, u ) [6, 7]. Note that the reactant A 
represents CO, which is a limiting reactant. Therefore, subscript A becomes CO. As a result, objective 
function can be obtained when this global reaction rate and Eq. (4) are combined. This assumption 
leading to the objective function depending on Be and L/H ratio as shown in Eq. (5) [6]. 
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2.2. Moderate L/H 
As the top and bottom surfaces are coated by catalyst and the reaction will occur on those surfaces. As 
a result, the catalytic surfaces are covered by the hydrodynamic and concentration boundary layers as can 
be seen in Fig. 1b. The thickness of concentration boundary layer of reactant is δCO, which nearly equal to 
the hydrodynamic boundary layer (δ) due to small Sc [6]. Velocity along convection flow in 
concentration boundary layer is f| Uu , where fU  is the inlet velocity and /2LδUvu COf||  (u and v 
is velocity along x and y direction, respectively). A concentration boundary layer can be obtained by 
using the species conservation as shown in Eq. (6).  
 
2/1
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CO U
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·
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§ 
f
      (6) 
The unknown parameter fU  may be obtained by considering the force balance on the channel. 
Rearranging Eq. (6) leads to Eq. (7) [6]. 
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From the species conservation and the boundary conditions, Eq. (8) can be obtained [10] 
 SCO,CO
CO
SCO, ΓYkz
Y
D  w
w
        (8) 
The change in CO mole fraction along the y-direction is equal to the difference of YCO,in and YCO,s over 
the concentration boundary thickness (δCO) [6]. From this assumption, mass fraction of reactant at the 
catalyst surface can be shown as Eq. (9).  
  1)/(BeScCt
Y
Y
3/21/3-1/3-
CO,in
SCO, | HL       (9) 
Therefore, the objective function for moderate L/H can be obtained and shown as Eq. (10).  
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2.3. Small  L/H 
For a short channel length, the boundary layers are still presented and Eq. (6) to Eq. (9) can be applied. 
Nevertheless, the first term at the denominator of Eq. (9) can be assumed smaller than 1 due to small L/H. 
The concentration of CO at the inlet and catalyst surface is nearly equal ( CO,inSCO, YY | ), [6]. The 
reaction rate is governed by chemical kinetic of the catalyst as diffusion of the reactants from bulk to the 
catalyst surface is fast [6]. The objective function for a small L/H can be shown in Eq. (11), which is 
independent of L/H ratio. 
 H
1
H Ct2Sc~R
~        (11) 
2.4. Channel length estimation 
Three objective functions for a small, moderate and large L/H ratio are developed. The design 
equations are used to estimate the channel length of microchannel reactor for the Fischer-Tropsch 
synthesis. Kinetic data is obtained from Almeida [5]. The input data for channel length estimation is 
shown in Table 1. 
                               Table 1. Data for channel length prediction at 508 K and 10 atm. 
Parameter description Value Ref. 
Height of channel [micron] 
Amount of catalyst per unit of wall surface  [gcat/m2] 
Surface reaction rate constant [mol/ gcat s atm] 
Space time [gcat min/Ncm3] 
500, 700, 1000 
58.575 
6.544×10-5 
0.0045 
- 
[5] 
[5] 
[5] 
3. Results and discussion 
Results of the reactor design when H is set as 500, 700 and 1,000 micron are shown in Fig. 2. The 
results from three different H are in the same trend. The graphs show the behavior of objective functions 
with respects to L/H, which starts at very short channel and gradually increases its length. At L/H|0, the 
maximum value of objective functions is on the small L/H line because there is only chemical kinetic 
effect. Then, the value of objective function is decreased as a function of (L/H)-2 according to large L/H 
line because the flow rate vanishes [6]. The optimal design point can be obtained at the intersection 
between small and large L/H. The effect of moderate L/H behavior is not noticed due to small catalyst 
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number (Sc-1/4Ct = 1.6283) in this case [6]. For the channel height of 700 micron, optimal length is 28.49 
mm obtained at L/H ratio of 40.7. For the channel height of 500 and 1000 micron, optimal lengths were 
17.20 and 48.70 mm, respectively.  
 
 
 
 
 
Fig 2. Behavior of the objective functions for large (L), moderate (M) and small (S) L/H ratio: a) 500; b) 700; c) 1000 micron of H. 
4. Conclusions 
The design of microchannel reactor for Fischer-Tropsch synthesis from correlations for determining 
the optimal channel length with respect to R
~
H,max. It can be found that the optimal length of a single flow 
channel is obtained where the objective functions from small L/H intersects with large L/H because small 
Ct is presented in the system. For the estimation of channel length when channel height is 500, 700 and 
1000 micron, the optimal length are 17.20, 28.49 and 48.70 mm, respectively. From these results, the 
length can be used as a guideline for reactor design in order to carry out further analysis of the reactor. 
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